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(g) Microemulsion diesel fuel compositions and method of use. 

@ The present invention relates to translucent and thermodynamicaily stable fuel compositions having 
improved combustion efficiency and reduced smoke, particulate, CO, and NOx emissions. The fuel 
compositions comprise, for example, a diesel fuel, water, or an aqueous solution of a low molecular 
weight alcohol and/or a water-soluble reagent, and a surfactant system which comprises a balanced 
blend of one or more hydrophilic surfactants and one or more lipophilic surfactants, wherein the diesel 
fuel composition can contain as high as 30 weight percent of aqueous phase with an aqueous 
phase/surfactant ratio at least "2/1. The surfactant system may contain, in addition to the hydrophilic and 
lipophilic surfactants, cosuriactants and polar organic solvents. The reagent solution comprises 
aqueous solutions of an additive selected from the group consisting of inorganic oxidizing agents, low 
molecular weight polar organic oxidizing agents, and nitrogen oxide-containing compounds which act 
as cetane improvers and/or combustion modifiers. These additives offset the welt-known loss in cetane 

3 number and/or the ignition delay caused by dispersed or microemutsified water and eliminate the need 
to change engine operating parameters. 
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groups are as previously defined abov . 

R presentative xampl s of hydrophflic alkyl carboxylic and alkylaryl sulfonic acid saits include mono- 
ethanoi amm nium laurate, ammonium palmitate, diethanoi ammonium stearate, monoethano! ammonium 
nonyi o-xylen sulfonate, sodium dodecyl benzene sulfonate, ammonium tetradecyl benzene sulfonate, dieth- 

5 anol ammonium h xadecyi benz ne sulfonate, and sodium dod cyl naphthai ne sulfonate. Preferr d 
hydrophilic carboxylic acid saits include monoethano! ammonium oleate, penta-, deca-, and hexadeca-ethoxy 
octadecyl ammonium oleate. Preferred hydrophilic sulfonic acid salts include penta- and deca-ethoxy octadecy! 
ammonium benzene sulfonate (designated C 12 BS-E18-5 and C 12 BS-E18-10 t respectively), heptaethoxy 
octadecyl ammonium dodecyl o-xylene sulfonate (designated C 12 XS-E18-7) and decaethoxy octadecyl 

10 ammonium dodecyl ortho xylene sulfonate (designated C 12 XS-E18-10). The ethoxylated alkyl amines used in 
preparing the ethoxylated alkyl ammonium salts of alkyl aryl sulfonic acids can be obtained from Exxon Chem- 
ical, Performance Products, Toman Products. 

Representative hydrophilic ethoxylated alkyl phenols include Igepal DM 710, igepal DM 730, and Igepal 
DM 880 available from GAF which are chemically dinonyl phenols ethoxylated with 15, 24, and 49 moles of 

is EO, respectively. Preferred is Igepal DM 530 which is dinonyl phenol ethoxylated with 9 moles of ethylene oxide. 
Other suitable ethoxylated alkyl phenols Include Tritons X100, X102, and X1 14 available from Rohm and Haas 
of Philadelphia, Pa. ? and Igepals CO 610, 630, 660, 710, 720, 730, 850, and 880 which are chemically mono- 
octyl or nonyl phenols ethoxylated with from 8 to 30 EO. 

The lipophilic surfactant for purposes of this invention is a surfactant having the properties of providing at 

20 2 g/dl concentration in equal volumes of fuel and aqueous composition an upper phase microemulsion at 20°C 
such that the volume ratio of water to surfactant (Vw/Vs) In the microemulsion phase is at least 0.5, preferably 
greater than 1 and most preferably greater than 2. The term "upper phase" microemulsion as used in defining 
the lipophilic surfactant ingredient means that the system consisting of the surfactant in equal volumes of fuel 
and aqueous composition separates into a surfactant containing oil upper phase in equilibrium with an excess 

25 aqueous phase which is essentially surfactant free. 

The lipophile having been defined by the above properties includes, but is not limited to, the ethoxylated 
alkyl phenols. Also included and preferred are the alkyl and alkylaryl sulfonic acid salts wherein the alkyl group 
is a C 12 to C24 linear, branched, or bilinear structure, the aryl group is selected from benzene, toluene, 
orthoxytene, and naphthalene; and the salt is a salt of an alkali metal, ammonia oralkanoi amine. More preferred 

30 are the ethoxylated C ir C 18 alkyl ammonium salts of Cg-C^ alkyl carboxylic and alkylaryl sulfonic acids con- 
taining less than six EO groups, wherein the alkyl and aryl groups are as previously defined above. 

Representative examples of lipophilic alkyl aryl sulfonates include monoethano! ammonium dodecyl o-xy- 
iene sulfonate, sodium tetradecyl o-xylene sulfonate, sodium hexadecyl o-xylene sulfonate, diethanoi 
ammonium pentadecyl o-xylene sulfonate, triethanol ammonium octadecyl o-xylene sulfonate (prepared from 

35 penta and hexa propylene), sodium octapropyiene benzene sulfonate, sodium tetracosyl toluene sulfonate, and 
various high molecular weight petroleum sulfonates. Preferred .are the sodium and monoethanol ammonium 
salts of dodecyl o-xylene sulfonic acid. Most preferred are di-ethoxy octadecyl ammonium oleate, di- and pen- 
ta-ethoxy octadecyl ammonium dodecyl o-xylene sulfonate (designated E1 8-2 oleate, C 12 XS-E1 8-2 and C, 2 XS- 
E18-5, respectively). 

40 Representative lipophilic ethoxylated alkyl phenols include Igepals CO 210 and CO 430 which are nonyl 
phenols containing 1.5 and 4 moles of EO f respectively, and Tritons X15 and X35 which are octyl phenols con- 
taining 1 and 3 moles of EO, respectively. 

The present invention is not confined to the use of the aforementioned ethoxylated alkyl phenols but 
includes other ethoxylated surfactants of the generic formula: 

45 R 1 X(CH 2 CH 2 0) n Y 

wherein is an alkyl or mono or di-alkyl aryl group containing 8 to 30 carbon atoms, 

n R 2 R 2 00 o 

50 J I I II II || 

X is -0-.-S-. [-N-rcl-. -C-O-.-C-OR 4 0-.-C-WH- or -S0 2 NH-. 

I 

55 

and Y is -H- f -SQ3-M + or-fPOsHJ-M* wherein M+ is an inorganic or ammonium cation including alkyl substituted 
ammonium cations; R 2 is an alkyl group containing 1 to 20 carbon atoms or a polyethoxy ether group containing 
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from 1 to 30 (CH 2 CH 2 0) groups; R 3 is H or an alkyl group containing 1 to 3 carbon atoms; is a polyhydroxy 
group derived from glycerol, glycols, sorbitol, or various sugars; and n is an integ r of from 1 to 30. 

The above ethoxylated alkyl phenols may be blended with an alkali metal, ammonium, alkyi ammonium, 
alkanol ammonium, or ethoxylated alkyl ammonium salt of an alkyi or alkyl aryl sulfonic acid of the gen ric for- 
5 mula: 

R-S0 3 H 

wherein R is an alkyl or alkyl benzene group containing 8 to 30 carbon atoms in the alkyl chain and the benzene 
. ring may be additionally substituted with one or two alkyi groups containing 1 to 3 carbon atoms each to provide 
the balanced blend of surfactants. Preferred blends of ethoxylated alkyl phenols with alkyl aryl sulfonates 
10 include combinations of Igepa! CM 530 or igepai DM 710 with the sodium or monoethano! amine salt of C n2 
o-xylene sulfonic acid. 

Alternatively, ethoxylated alkyl ammonium salts of the above alkyiaryl sulfonic acids containing varying 
degrees of ethoxylated are blended to provide the balanced blend of surfactants. Preferred blends of ethoxyl- 
ated alkyl ammonium salts of alkyiaryl sulfonic acids include penta-ethoxy octadecyl ammonium dodecyi ben- 
15 zene sulfonate combined with hepta-ethpxy octadecyl ammonium dodecyi benzene sulfonate and di-ethoxy 
cocoa ammonium dodecyi o-xylene sulfonate with deca-ethoxy octadecyl ammonium dodecyi oxyiene sulfo- 
nate. Most preferred is the blend of penta-ethoxy octadecyl ammonium dodecyi o-xylene sulfonate with hepta 
or deca-ethoxy octadecyl ammonium dodecyi o-xylene sulfonate, i.e., a blend of C 12 XS-E18-5 with C 12 XS-£1 8- 
10. 

20 Alternatively, alkali metal, ammonium, alkyl ammonium, alkanol ammonium or ethoxylated alkyl ammonium 
salts of alkyl carboxylic acids of the generic formula: 

R'~COOH 

wherein R' is an alkyl group of 12 to 20 carbon atoms may be substituted for the sulfonic acid salts described 
above/These salts may be blended with ethoxylated alkyl phenols. Alternatively, ethoxylated alkyl ammonium 

25 salts of the above alkyl carboxylic acids containing varying degrees of ethoxylation are blended together to pro- 
vide the balanced blend of surfactants. Most preferred is a blend of penta-ethoxy octadecyl ammonium oleate 
with deca-ethoxy octadecyl ammonium oleate, i.e. a blend of E18-5 oleate with E18-10 oleate. 

Under certain circumstances, up to 20, generally 2 to 10, weight percent of a cosurfactant is included in 
the surfactant blend to improve the solubility of the surfactant in the fuel and reduce the viscosity of the micro- 

30 emulsion diesel fuel composition. The cosurfactants are of the class of alkylene glycol monoalkyl ethers, 0 A to 
Ce alkanols and mixtures thereof. Representative cosurfactants include ethers such as ethylene glycol mono- 
propyl ether, methylene glycol monoethyl ether, ethylene glycol monomethyl ether, ethylene glycol monobutyl 
ether, diethyl glycol monomethyl ether, Methylene glycol monoethyl ether, diethylene glycol n-butyl ether, pro- 
pylene glycol monomethyl ether, dipropylene glycol monomethyl ether and tripropylene glycol monomethyl 

35 ether, and alkanols which include straight and branched chain members such as butanol and pentanol. Of the 
alkanols, tertiary amyi alcohol (TAA) is preferred. Of the ethers, ethylene glycol monobutyl ether is preferred. 

It is understood that when using a cosurfactant, the ratio of the surfactants may have to be readjusted for 
changes in phase behavior brought about by the addition of cosurfactant It is also understood that the weight 
ratio of hydrophilic to lipophilic surfactants may have to be readjusted for changes in phase behavior brought 

40 about by different aqueous reagents and variations in their concentration. For example, an increase in the con- 
centration of the aqueous reagent ammonium nitrate, requires an increase in the ratio of hydrophilic to lipophilic 
surfactants. Likewise changes in the composition of the fuel necessitate readjustment of the surfactant ratio. 
For example, a higher concentration of aromatics in the fuel requires an increase in the ratio of hydrophilic to 
lipophilic surfactants. It is also understood that when a change in surfactant ratio is inadequate to compensate 

45 for a given change in the fuel or aqueous composition, choice of a more (or less) hydrophilic surfactant pair 
(e.g. more (or less) ethoxylation) may be required. These points will be made clear by the examples cited below. 
The preferred surfactant blends of the instant invention provide a marked improvement over the art by solubi- 
lizing much more aqueous phase per unit of surfactant than disclosed in the art. The art discloses diesel fuel 
microemulsions containing less than 2 volumes of water per volume of surfactant. The examples cited below 

so disclose compositions with greater than 2 up to 4 volumes of aqueous phase per volume of surfactant. 

The rnostpreferred surfactants for the instant invention are selected from Group 1, having the generic for- 
mula: 



55 
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Rl (CH2CH2 0) m H 
\ / 
R 3 -R 2 -X- + N 

H \ . 

(CH2CH 2 0) n H 

10 where R 1 and R3 are alkyl groups which may be paraffinic or olefinic and may contain 8 to 24 carbon atoms, 
R 2 is a methyl group or a benzene, toluene, or xylene ring, m + n = 2 to 20 and X" is -COO" or SO r . Non-limiting 
representative examples of Group 1 surfactants are ethoxylated octadecyl ammonium dodecyl benzene sulfo- 
nate (C 12 BS-E18-(n+m) where = C 18 H 37 , R3 = C^H^, R2 = Cel-U, and X" = SOi); ethoxylated octadecyl 
ammonium dodecyl xylene sulfonate (C l2 XS-E18-(n+m) where R^ = C 18 H 37f R3 = C 12 H 26 , R 2 = (CH 3 ) 2 C 6 H 2 , and 

15 X~ = SO<f) and ethoxylated octadecyl ammonium oleate (E18-(n+m) oleate where R, - C 1B H 37l R3 - R 2 - 
CH3(CH 2 ) 7 CH=CH{CH 2 ) r and XT = COO"}. . 

Other most preferred surfactants are selected from Group 2, having the generic formula: 

R3 -R2-X- + N ( CH 2 CH 2 OH) x 
I 

H (4-x) 

25 where R3 and R 2 are defined as in Group 1 and x = 3. Non-limiting representative examples of Group 2 surfac- 
tants are monoethanol ammonium dodecyl benzene sulfonate (C 12 BS-MEA), monoethanol ammonium dodecyl 
xylene sulfonate (C 12 XS-MEA), diethanol ammonium pentadecyi benzene sulfonate (C 15 XSDEA), ammonium 
oleate and monoethanol ammonium oleate. 

We have discovered that it is often advantageous to blend a surfactants) from Group 1 with a surfactant(s) 

30 from Group 2 to form the balanced blend of hydrophilic and lipophilic surfactants). We have discovered that 
surfactants from Group 1 become more lipophilic with increasing temperature while those from Group 2 become 
more hydrophilic with increasing temperature. We have also discovered that blends of surfactants from Group 
1 with those from Group 2 form microemulsions which are more stable to phase separation over a broad tem- 
perature range than microemulsions hitherto found in the art This reduction in temperature sensitivity is a highly 

35 desirable feature of our most preferred diese! fuel microemulsions. Diesel fuel, when stored over a period of 
time, may be subjected to wide temperature fluctuations. Conventional rnicroemuisified diesel fuel phase sepa- 
rates under these conditions while our most preferred fuel microemulsion compositions remain stable. 

Example I 

40 

Preparation of AnionioEthoxy Cationic Complexes 

One hundred grams of the alkyl carboxyfic or alkyl aryi sulfonic acid is weighed into a wide mouth jar. An 
appropriate weight of the ethoxylated alkyl amine, as listed in Table I, is added and stirred vigorously while warm 
4$ from the heat of neutralization. Properties, neutralization weights, and chemical suppliers are listed in Table I. 



50 
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TABLE I 

Preparation of Anionic-Ethoxv Cationic Complexes 

5 



15 



25 



30 





Average 


Wt.% 




Component 


Mol. wt. 


Actives 


Equ/lOOq 


Oleic acid 


282 


100 


0.354 


Cj^BSH (Vista SA 597) 


326 


-98 


0.336* 


C^XSH (ESSAF SA 149) 


354 


-81 


0.226 1 


C 18 N(EO> 2 (Tomah E18-2) a 


357 


-98 


0.275 


C 18 N(EO> 5 (Tomah E18-5) b 

r 


489 


-98 


0.200 


C 18 K(EO> 10 (Tomah E1B- 10) c 


709 


-98 


0.138 


C l8 N(EO) 15 (Tomah £18-15) d 


929 


-9$ 


0.105 


MEA (mono etnanol amine) 


61 


100 


1.639 






of Amine/ 100 


a Acid 


Amine 


C 37 XSH 


C 1? BSH 


01e?.c ,Ac;i,<? 


MEA 


13.8 


20.5 


21.6 


E18-2 


62.3 


122.4 


128.0 


E18-5 


112.8 


167.7 


176.6 


E18-10 


163.5 


243.1 


256.1 


E18-15 


214.2 


318.5 


335.6 



1 hy "titration 

2 Direct replacements: a) Akzo Ethomeen IB/12 
4Q *>) Ethomeen 18/15 

c) Ethomeen 18/20 

a) Ethomeen 18/25 

45 Example II 

Microemulsion Preparation 

Microemulsions were prepared as follows. The surfactants were weighed into a 16 x 125 mm flat bottom 
50 tube fitted with a teflon-lined cap. A total of 15 ml of diesel fuel and water were added. The tubes were shaken 
and heated -30 minutes to 1 hour at 60-70°C. They were then tumbled overnight to 2 days on an automated 
tumbler. Most systems, particularly those made with the alky) benzene sulfonates, did not clear at room tem- 
perature after ;2 days of tumbling. They could be made to clear in most cases by temperature cycling 2 or 3 
times from 70°C to 0°C. On storage at room temperature, clarity improved with age for the systems containing 
55 the MEA soaps. Systems based solely on the Ci 2 XS E18-n surfactants were found to be extremely temperature 
sensitive and to deteriorate with age. Often systems which were initially single phase and clear, phase sepa- 
rated on storage at room temperature. The assumed cause was" laboratory temperature fluctuations coupled 
with the extreme temperature sensitivity of these systems. Because of poor storage stability, blends of only 

6 
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15 



20 



25 



.30 



35 



40 



45 



50 



C«XS E18-n surfactants wars eliminated aariy on from further study. How var, work with these surtectente 
X ' H«r mieroemulsions could b pr pared with 3 vol.% water and as little as 1 g/dl (-1 A) 

ZSXTJSi "y2fl/d,ofth C£^-£~ 
Create prepared. Blendsof these C 12 XS E18-n surfactants with surfactants based on MEA ( .g. C„BS-MEA 
or C 12 XS-MEA) gave good stability and are d scribed below. 

Example III 

Selecting and Balancing the Hvdrophilic and Li pophilic Surfactant Blend 

A 2 gm/dl mixture of monoethanol ammonium dodecyl benzene sulfonate ("* re ^ 
equal volumes of Maraven diesel fuel (oil) and waterforms a lower phase "*f^"™^ n C ^X7a 
7S solubilized per gm of surfactant (oil uptake) is greater than the most preferred design «M°nferi 
LLh Ito surfactent of 2 ml oilVgm surfactant A 2 gm/dl mixture of di-ethoxy octadecyl ammonium dodecy 
hydrophlllcsurmcmntowm g L umes of Maraven diesel fuel and waterforms an upper 

man the moat preferred design criterion for a lipophilic surfactant of 2ml water/gm surfactant 

* The Combination C, 2 BS^iEA/C 12 BS E18-2 represents a ^^^^ 

combined hvdrophilic and lipophilic propertiea are varied by adjusting the we.ght ratio of C 12 BS-MEA/C, 2 BS 

E18-2 Table II presents phase data for the C 12 BS-MEA/C 12 BS E1 8-2 surfactant couple at venous ^aerto 

Mare^n oB reSrand total surtartant concentrations. The data were generated as follows. 

^nSL wSSed at for example. 2 g per deciliter of oil and water at a water/oil ratio of 5/95. The we,ght 

JSSS c bEmEA^ the hShde in the surfactant couple was then varied in the range between 0.45 and 

Zangermi^ 

or single and lower phase microemulsions. These transition boundanes are noted in Table II. The >P»«dum 
irreDeated at 1 5 and 1.0 g/dl surfactant concentration and the approximate trans.bon boundanes dete^ 
^NoTm* tL date was developed on a series of individu^ 

i rSoS suXctents at the listed total surfactant concentration in water and oil at a 5/95 volume ratio The 

b^utdalercSnS minim surfactant concentration which wii. so.ub.iize 5% water n Maraven 

e^r th^ preximity to the phase Position boundaries indicates mat mis will not be a dear s^tem In general 
Zdeares^stems are found fertheatfrem the transition boundaries, that isjn me center of the smgle phase 
^ Tht doserThe transition boundaries, the hazier the systems located between them Thus. max.mum 
riarHv at a oiven water concentration is attained at higher surfactant concentrations. 
^aSe forests similar phaae data for the C, 2 BS-MEA/C 12 BS E18-2 ! surfactant, W| water/» 
v, n .„mp ratio fixed at 4/96 The single phase region has broadened and at 2 g/dl surfactant extends between 
0^7 andTsg" ^Z'^J^ compared with a range of 0.48 to 0.56 for the 5/95 v^ter/oMysten, 
AO Jin the c^tVitems are found in the center of the single phase region and since the 4/96 systems are 
Zr^mTprSe transition boundaries than are the 5/95 systems, they are also dearer ,n ~mpanson. 

gVwater/oi. systems form single phase microemulsions at surfactant concentrations > «^ttata« 1 
gM Again these microemulsions are turbid because of their proximity to the phase transition 

Tte data in Table II reinforce the condusion that higher surfactant/water ratios prov.de clearer ^crpemul- 
sionlCstglephase region at a surfactent concentration of 2 g/dl for me 3/97 water/oil system^ 
ZLn 046 and 0 60 wt fraction C,,BS-MEA Thus microemulsions in the center of this range are even farmer 

Se^ 
SsytSrssSe^ 

TJZ and I4M water/oil systems shows that for all these water/oil ratios, the min mum surfactant concen- 
tration for single phase microemulsions corresponds to a water/surfactant ratio of -4/1. , . . „. 

The oaZ Table II Illustrate the critical nature of selecting and balancing the hydmph.le/l.poph.le surfactant 
Hend^aThl^ 

wS ud 5% water with less than 1.5% surfactant. An increase in surfadant concentration perm.ts a propor- 
tionate inaetTiTtna amount of water solubilized. These surfactants are more efficient than those found ,n 



55 the previous art. 
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TABLE II 

Ci?3S-MWCi?BS E18-2 Compositi ons for Single Phase 

W/O Vol* Surfactant Wt Fraction c^BS-MEAl at the 
Copcp q/dl Upper Phase TB 2 Lower Phase TB 3 

0.52 
0.54 
0.56 

0.53 
0.56 
0.59 

0.52 
0 . 54 
0.57 
0.60 

1) At the indicated total surfactant concentration 
35 2) Upper phase transition boundary U S 
3) Lower phase transition boundary S L 

The C 12 XS-MEA/C 12 XS E18-5 system, though not as extensively investigated as the C 12 BS-MEA/C 12 BS 
40 E1 8-2 system described above, provides a similar phase behavior pattern. In this case, the C 12 XS-MEA is the 
hydrophiie; Its increasing weight traction leads to lower phase microemulsions. Phase data obtained for three 
water/oil ratios at a surfactant concentration fixed at 1 .5 g/dl are given in the following table. 

45 



50 



55 



5/95 



15 



1.0 

1.5 

2..0 



0.52 
0.50 
0.48 



20 



25 



30 



4/96 



3/97 



1.0 
1,5 
2.0 

0.75 
1.0 
1.5 
2.0 



0 . 53 
0.50 
0.47 

0.52 
0.50 
0.48 
0.46 
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Ci ?XS-MEA/Ci ?XS E18-5 Compositions fo r Single Phase 



Wt. Fraction C T oXS-MEA l 
W/O Vol.. Ratio UTB2 LTB 3 

5.0/95.0 0.49 0.55 

4.5/95.5 0.47 (estim.) 0.57 

4.0/96.0 0.44 (estim.) 0.60 



15 



20 



30 



40 



45 



1 At a total surfactant concentration of 1.5 g/dl. 

2 Upper phase transition boundary: u s 

3 Lower phase transition boundary: s 1 



As discussed previously, the single phase region, which iies between the upper phase transition (UTB) and 
Ihe lower phase transition boundary (LTB), broadens and clarity improves with decreased water/oil ratio. The 
clarity of microemulsions in the center of the single phase region is somewhat better than observed with the 
25 C^BS-MEA/C^BS E18-2 system. In addition, the rate of equilibration is faster with the C 12 XS-MEA/C 12 XS E1 &- 
5 system; less temperature cycling is required and clarity is obtained sooner on ambient storage after tempera* 
ture cycling. 



Example IV 

Microemufsion Preparation From Concentrates 



In order to check whether other compositional paths to the final microemulsion might speed equilibration, 
we explored the use of concentrates as intermediate compositions. These concentrates were prepared by back- 
35 ing out oil and in some cases part of the water from the final composition. For example, the following concentrate 
was prepared: 

Concentrate NB 14483-75A 



C 12 XS-MEA 3 . 0 

C12 E18-5 12.0 Wt.% 

Ck #90537 D.O. 25.0 

Water 50.0 



The surfactants were dissolved in diesei oil at room temperature and the water mixed in last The system 
forms a thin, clear gel at room temperature which melts into a clear fluid on gentle warming. If 1.2 g of this con- 
50 centrate is added to 1 4.1 ml of diesei fuel, the resulting mixture is turbid and clears slowly over a period of sev- 
eral hours to form a bright microemulsion. ff the d iesel fuel is mixed in stages with the concentrate over a period 
of several minutes , the final system is a clear microemulsion. This shows that equilibration rate depends on 
composition path as weli as temperature path, it also suggests that it would be advantageous to prediiute the 
above concentrate with some added diesei oil. With this in mind we prepared the following concentrate: 

55 
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Concentrate Nft 14483-763 

C12XS-MEA 10.4 
C12XS E18-5 9.6 wt.% 

Ck #90537 D.O. 40,0 

Water 40,0 



The surfactants were dissolved in the diesel oil atroom temperature and the water added last The mixture 
was turbid initially but slowly cleared with mild warming (-40°C) and stirring over a period of several hours to 
finally form a clear amber "solution." This fluid concentrate when diluted by a factor of 10 instantly forms with 
little mixing a bright microemulsion containing 2 wt.% surfactant and 4% water. This microemulsion remains 
15 clear over the temperature range of -10°C (lower cloud point) to >70°C (upper cloud point) and is indefinitely 
stable at room temperature. It is not known at this time whether the turbidity below -10°C is due to phase sepa- 
ration in the microemulsion or wax. precipitation from the diesel fuel. 

The above concentrates have a water/surfactant volume ratio of 2/1. In an attempt to raise the 
water/surfactant ratio, the following concentrate was prepared: 



Concent rate NB 144 8 3 -7 8 B 



C12XS-MEA 
25 C12XS E18-5 

Ck #90537 D.O.. 
Water 

30 

The water/surfactant ratio in this package is 3/1. No attempt was made to optimize the surfactant H/L ratio for 
the added water. Clarity was achieved by adjusting the oil/water ratio in the package. A quantity, 1.89 g of this 
concentrate when diluted with 8.2 g of diesel oil instantly forms a clear microemulsion containing 2% surfactant 
and 6% water. This microemulsion is not quite as bright as the microemulsion prepared with concentrate NB 
35 1448378A due to the higher water content. Brightness may be improved with optimization of surfactant H/L ratio. 
This essay holds promise of achieving even higher water/surfactant ratios. 



5 .78 Wt,.% 

5.33 
55.56 
33.. 33 



Example V 

ao Ammonium Nitrate Diesel Fuel Microemulsions 

In order to determine whether the loss in cetane number due to microemulsffied water could be eliminated 
by the addition of potential cetane improvers, we initiated experiments designed to incorporate NH4NO3 into 
the microemuisified aqueous phase. Table IK describes the results of our studies to incorporate up to 10 wt.% 

45 NH 4 N0 3 based on water. Since the microemulsions contain 1 0% aqueous phase, 1 0% NH4NO3 based on water 
translates into a 1% NH 4 N0 3 concentration overall. Based on previous results with oil-soluble cetane improvers 
such asoctyl nitrate, 0.1% or 1000 ppm NH 4 N0 3 was thought to be an effective level for cetane improvement 
Table III describes microemulsion phase behavior with varying surfactant hydrophile/iipophile (H/L) ratio 
and salinity. H/L ratio depends on the average degree of ethoxylation in the surfactant mixture and is varied 

50 by changing the weight ratio of ethoxylated surfactants. Listed under the column heading microemulsion (ME) 
type is the phase separation characteristic of a given composition. An upper phase microemulsion (U) forms 
at low H/L ratio and high salinity as a phase-separated system where an oil-continuous microemulsion is in 
equilibrium with excess settled water. A lower phase microemulsion (L) forms at high H/L ratio and low salinity 
as a system where water-continuous microemulsion is in equilibrium with excess floating oIL A single phase 

55 microemulsion (S) forms over a relatively narrow range of H/L ratios and salinity and is a relatively dear, ther- 
modynamicaliy stable dispersion containing ail the components. The last column lists the nephelomet r turbi- 
dity units (NTU), which are a measure of single phase microemulsion clarity. Below -50 NTU the system looks 
quite bright From -50 to 100 NTU the system is clear but with very slight haze developing. From 100 to 200 
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NTU haze visibly increases but the microemulsion remains transparent Above 200 NTU the syst m becomes 
more and m r cloudy though It remains translucent R adings below 150 NTU are considered satisfactory. 

Table 111 shows that in order to prepare single phase microemulsions at higher salinity, the proportion of 
mor highly thoxylat d surfactant must b increased. Thus the ratio of C^XS E1 8-10/C^ PCS E1 8-5 increases 
5 from 1/1 to 2.3/1 as we go from 5% to 1 0% NH 4 N0 3 . This ratio lies in th middl of the single phase region and 
has the lowest haze. The haziest systems occur near the U S and S -+ L phase transition boundaries. 
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Example VI 

Hydrog n P roxide Diesel Fu I Microemulsions 

Another approach to raising th cetane number of microemulsifi d fuels is the incorporation of aqueous 
hydrogen peroxide. The following table shows that direct replacement of water with 3% H 2 0 2 in the salt-free 
microemutsion results in a clear, stable microemulsion without rebalancing. 

Microemulsions in DF2 Containing Cetane Improvers 

Surfactant , g/dl Aqueous ME 

C 1? XS-MEA Ci?XS-g5 jEliase Type NTU 

2.00 2.00 water s 68 

2.00 2.00 3% K 2 °2 S 55 

All Systems Contain 10 Vol. % aqueous + 90 Vol. % DF2. 
Example VII 

Oieate Surfactants for Diesel Fuel Micro emulsions 



The advantage for carboxylate surfactants is that they do not add sulfur to the diesel fuel microemulsion 
composition. Sulfur-containing compounds in diesel fuel are environmentally undesirable since they may lead 

30 to sulfur oxides in the diesel exhaust Some localities have established maximum sulfur levels in diesel fuels; 
California, for example, specifies no more than 500 ppm. The examples in Table IV show that oieate surfactants 
are effective in preparing single phase microemulsions of water and aqueous NH 4 N0 3 in diesel fuel. The 
aqueous phase to surfactant ratio is 2.5:1 indicating that the instant ethoxylated alkyl ammonium oieate sur- 
factants are efficient microemul sifters when properly balanced. As in the case with the ethoxylated alkyl 

35 ammonium alkyl aryl sulfonates, increasing ethoxylation is required to balance the surfactants when using 
higher NH 4 N0 3 concentrations. This shows the criticality of surfactant balancing which depends strongly on 
aqueous phase composition. Temperature sensitivity is again minimized by blending two or more surfactants 
with opposing temperature dependencies; MEA-oieate becomes more hydrophilic while the ethoxylated alkyl 
ammonium oieate become more lipophilic with increasing temperature. Blends of these surfactants give tem- 

40 perature insensitive microemulsions. 
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Claims 

1. Afu I composition which comprises: 

(a) a foe); 

(b) about 1.0 to about 30.0 weight percent of water based upon said diesel fuel; 

(c) about 0 to about 30 weight percent of an alkanoi based upon said water, said alkanoi having about 
1 to about 3 carbon atoms; 

(d) less than about 20.0 weight percent of an additive based upon said water, said additive being selec- 
ted from the group consisting of an inorganic oxidizer, a polar organic oxidizer and a nitrogen oxide- 
containing compound; and 

(e) about 0.5 to about 15.0 weight percent of a surfactant system based on said diesel fuel, said sur- 
factant system comprising a blend of a hydrophilic surfactant and a lipophilic surfactant in a ratio suf- 
ficient to form a single phase translucent microemuision, wherein said diesel fuel exhibits improved 
cetane and combustion properties, reduced smoke, soot emissions, particulate emissions and NOx 
emissions in the combustion of said diesel fuel in a diesel engine. 

2. A fuel composition according to claim 1, wherein the fuel is diesel, gasoline or jet fuel, preferably diesel 
fuel. 

3. A fuel composition according to claim 1 or 2, wherein the hydrophilic and lipophilic blend of surfactants is 
comprised of two or more surfactants selected from one or more of: 

(a) an alkali metal, ammonium, alkyl ammonium, alkanoi ammonium, or ethoxyJated alkyl or alkanoi 
ammonium salt of an alkyl or alkylaryl sulfonic acid of the generic formula: 

R-S0 3 H 

wherein R is an alkyl or alkyl benzene group containing 8 to 30 carbon atoms in the alkyl chain and the 
benzene ring may be additionally substituted with one or two alkyl groups containing 1-3 carbon atoms 
each; 

(b) an ethoxylated surfactant of the generic formula: 

R^CHaCHsCOnY 

wherein Ri is an alkyl or mono- or di-alkyl aryl group containing 8 to 30 carbon atoms, 

h r 2 r 2 000 
111 II II II 

X is -0-.-S-. -N-.-N-. [-N-rCl-. -C-0-.-C-0R 4 0-.-C-NH- or -S0 2 NH-. 

I 

and Y is -H-,-S0 3 -M + or-(P03H)-M + wherein M* is an inorganic or ammonium cation including alkyl sub- 
stituted ammonium cations; R 2 is an alkyl group containing 1 to 20 carbon atoms or a polyethoxy ether 
group containing from 1 to 30 (CH 2 CH 2 0) groups; R$ is H or an alkyl group containing 1 to 3 carbon 
atoms; R4 is a polyhydroxy group derived from glycerol, glycols, sorbitol, or various sugars; and n is an 
integer of from 1 to 30; and 

(c) an alkali metal, ammonium, alkyl ammonium, alkanoi ammonium, or ethoxylated alkyl ammonium 
salt of an alkyl carboxylic acid of the generic formula 

R'-COOH 

wherein R' is an alkyl group of 8 to 24 carbon atoms. 

4. The composition of claim 3 wherein at least one of the lipophilic surfactants is an ethoxylated C 12 -C 1B alkyl 
ammonium salt of a C 9 -C24 alkyl carboxylic or alkylaryl sulfonic acid containing less than 6 ethylene oxide 
groups. 

5. The composition of claim 3 or 4 wher in at least one of the hydrophilic surfactants is an ethoxylated C 12 -C 18 
alkyl ammonium salt of a C9-C24 alkyl carboxylic or alkylaryl sulfonic acid containing 6 or more ethylene 
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oxid groups, 

6. A process for r ducing smoke, soot emissions, particulate emissions, and NOx missions in the combus- 
tion of a diesel fuel in a diesel engine which comprises the step of adding to said diesel fuel about 1 .0 to 
5 about 30.0 weight percent of water and about 0.5 to about 15.0 weight percent of a surfactant system, 

based on said diesel fuel, said surfactant system comprising a blend of a hydrophilic surfactant and a 
lipophilic surfactant in a ratio sufficient to form a singie phase translucent microemulsion, whereby smoke, 
soot, particulate and NOx emissions are reduced. 

10 7. A process according to claim 6, wherein said hydrophilic surfactant is selected from the group consisting 
of alkali metal, ammonium, 1 to 3 carbon alkyl ammonium, 2 to 6 carbon alkanol ammonium containing 1 
to 3 hydroxy groups, and 6 or more ethoxy C ir C 18 alkyl ammonium salts of alkyl carboxylic acids and alkyl 
aryi sulfonic acids and 6 or more ethoxy alkyl phenols. 

15 8. A process according to claim 6 or 7, wherein said lipophilic surfactant is selected from the group consisting 
of less than 6 ethoxy alkyl phenols and less than 6 ethoxy C 12 -C 18 alkyl ammonium salts of alkyl carboxylic 
and alkyl aryi sulfonic acids. 
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(57) The present invention relates to translucent 
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and reduced smoke, particulate, CO, and NOx 
emissions. The fuel compositions comprise, for 
example, a diesel fuel, water, or an aqueous 
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one or more hydrophilic surfactants and one or 
more lipophilic surfactants, wherein the diesel 
fuel composition can contain as high as 30 
weight percent of aqueous phase with an 
aqueous phase/surfactant ratio at least 2/1. The 
surfactant system may contain, in addition to 
the hydrophilic and lipophilic surfactants, 
cosurfactants and polar organic solvents. The 
reagent solution comprises aqueous solutions 
of an additive selected from the group consist- 
ed ing of inorganic oxidizing agents, low moiecu- 
^ lar weight polar organic oxidizing agents, and 
0 nitrogen oxide-containing compounds which 
CS act as cetane improvers and/or combustion 
CO modifiers. These additives offset the well- 
m known loss in cetane number and/or the igni- 
h*. tion delay caused by dispersed or microemul- 
^ sified water and liminate th need to change 
O ngine operating parameters. 
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